When the whole genome of wheat, tetraploid or hexaploid species of Triticum, is transferred by the method of successive backcrosses into the cytoplasm of the related species, Aegilops ovata, all the offspring show a typical male-sterility expressed by pollen abortion (Fukasawa 1953 (Fukasawa , 1959 .
phologically normal at meiosis, but degeneration occurs during further pollen development (Fukasawa 1956 ).
Besides the male-sterile condition, retardation of plant growth begins at germination, and the heading delays for about ten days, resulting in the reduction of plant height at maturation period, as compared with normal wheat (Fukasawa 1957) .
These abnormalities seem to be attributable to disharmony between the wheat genome and ovata cytoplasm ; and abnormal protein metabolism could be responsible initially for the disturbances (Fukasawa 1962) . From this point of view, it was considered that a survey of protein metabolism in sterile anthers could give a biochemical explanation for the cytoplasmic male-sterile condition. The present paper deals with abnormality of nitrogen contents in alcohol-soluble and -insoluble fractions extracted with weak buffer solution from degenerating anthers and young spikes, and also from germinating embryos or seedlings.
Comparisons are made between male-sterile and normal fertile strains.
MATERIALS AND METHODS
The male-sterile emmer wheat used in this experiment carries the genome from Triticum dicoccum var. arras (Khapli) and the cytoplasm from Aegilops ovata.
Normally fertile T. dicoccum (Khapli) plants were used for controls.
Anthers of male-sterile and normal wheat plants were collected at the bi-nucleate stage of microspore development and at the tri-nucleate stage. Samples were also taken from the young whole spikes, containing many anthers which showed almost the same two developmental stages as just described above. Likewise a survey was made of the nitrogen content of embryos and seedlings.
Selected good seeds were placed in petri-dishes and incubated at 25°C. After 20 to 24 hours, germinating embryos were detached from the endosperm by the use of a vaccinator.
Three days old seedlings with intact roots were used after removal of the endosperm.
Fresh materials were homogenized by hand at low temperature in 0.02 M phosphate buffer, pH 7.3, with a glass homogenizer. The homogenates were centrifuged in a refrigerated centrifuge for 20 min. at 5,000 x g.
The precipitates were washed with the same buffer and centrifuged again.
To these supernatants ethyl alcohol was added to make a seventy percent concentration.
After standing for 24 hours at low temperature, the samples were separated by centrifugation for 20 min. at 5,000 x g into two parts, 70
% alcohol-precipitable and -soluble. The nitrogen content of each fraction was determined by the semimicro-Kjeldahl method according to official methods of analysis of the Association of Official Agricultural Chemists (1960) .
Estimation of the amide nitrogen content in the alcohol-soluble fraction was made by modified Kjeldahl method.
That is, samples were digested for 3 hours at about 90°C by the addition of 3 ml of 4 N-H2SO4 to 10 ml of sample solution (in 70 % alcohol), and the digested materials were transferred to a distillation apparatus. After adding 5 ml of borate buffer, pH 8.6, and 10 ml of absolute alcohol, the distillation was conducted for 3.5 minutes, collecting the ammonia in boric acid-indicator solution.
RESULTS

1) Anther weight during pollen degeneration
First of all, the fresh weight of excised anthers in the course of microspore development was measured, comparing those of male-sterile and normal fertile strains. As seen in Figure 1 , from the data obtained in the last year, the fresh weight of anthers from the first meiotic division was almost the same in both strains.
After the meiotic division, anthers from the normal fertile strain enlarge rapidly and show about a 9-fold increase in weight, while those from the male-sterile strain increase only about 5-fold. The microspore cell sizes corresponding with the observed changes in anther weight are represented in Fig. 1 .
The normal fertile strain was sown one month later than the male-sterile strain, in order to equalize their maturation ; consequently, vegetative growth and heading date were almost the same in both strains.
At the binucleate stage the sterile anthers showed a normal appearance externally and a slightly greater fresh weight than the normal anthers. But, in the tri-nucleate stage the sterile anthers were much lighter than the normal fertile anthers ; and they did not dehisce.
2) Nitrogen contents at the period of pollen degeneration Table 1 shows the nitrogen content of alcohol-precipitable and -soluble fractions and also the amide nitrogen content of the alcohol-soluble fraction from anthers and young spikes.
As seen in the fourth column of Table 1 , the dry weights of alcohol-precipitates from sterile anthers were lighter than those from normal anthers, especially in the tri-nucleate stage of male-steriles. Consequently the nitrogen content of the alcohol precipitable fraction from male-sterile anthers was lower than that from normal ones, especially in anthers of the tri-nucleate stage. Similar differences in dry weight and in nitrogen content were observed in young spikes, though the differences were somewhat smaller than in the anthers.
In contrast, a survey of the nitrogen content of the The apparent decrease of nitrogen content in the alcohol-precipitable fraction from sterile anthers means that abnormal protein metabolism has taken place.
The rate of decrease is more conspicuous in the tri-nucleate stage of the sterile anthers than in the bi-nucleate stage.
This fact suggests that proteins in the sterile anthers have broken down in the process of pollen (anther) degeneration.
In young spikes, the decrease of protein is less obvious, yet clearly recognizable. The breakdown of protein in anthers and spikes is suggested also from the abnormal increase of nitrogen in the alcoholsoluble fraction.
The remarkable increase of amide nitrogen in the alcohol-soluble fraction from sterile anthers suggests that large amounts of asparagine and/or glutamine were present in the degenerating anthers.
From a paperchromatographic survey of free amino acids in anthers of cytoplasmic male-sterile wheat, Fukasawa (1954) revealed a remarkable accumulation of asparagine during the course of pollen degeneration.
This notable phenomenon was also found in the anthers of cytoplasmic male-sterile corn (Fukasawa 1954; Khoo and Stinson 1957) . The present data confirm the accumulation of asparagine in sterile anthers.
2) Nitrogen content in embryos and seedlings
It is an interesting fact that the abnormal nitrogen metabolism observed in sterile plants is present already in germinating embryos and seedlings, although the difference in rate between normal and abnormal metabolism is not so pronuounced there as in anthers.
Further, the decreased rate of nitrogen in alcohol-precipitable part of malesterile wheat is more marked in the seedlings than in the embryos.
These facts suggest that abnormal nitrogen metabolism occurs initially at the stage of germination and continues during the growth of the plant.
A survey of nitrogen content in young leaves shows only slight differences between male-sterile and normal plants.
The small difference may be attributed to the fact that only vigorous leaves were sampled from whole plants.
The mechanism of asparagine accumulation in etiolated plants has been investigated by many workers.
From the work with cell-free extract of wheat germ and lupine seedlings, Webster and Varner (1955) demonstrated clearly that asparagine may be formed from aspartate. Panalaks, Smith and Walker (1963 a, b) reported that asparagine in etiolated soybean seedling was either derived directly from hydrolysis of reserve protein, or from subsequent amidation of aspartic acid released from reserve protein of the seed. Also, from the results of adding glutamic or aspartic acid to homogenate of cotyledons, they postulated that asparagine synthesis was done through transamination. Webster (1959) concluded that amide accumulation is not a unique feature of germination, but is related to the storage (in nontoxic form) of ammonia produced by deamination of the amino acids released during protein breakdown.
In 
